Anterior-posterior (A-P) patterning is a key element in early embryonic development. Polycomb group (PcG) genes act as transcriptional repressors to regulate A-P patterning by either directly or indirectly controlling the coordinated expression of the HOM/Hox homeobox (Curr. Opin. Genet. Dev. 7 (1997) 488; Trends Genet. 13 (1997) 167). We describe the isolation and characterization of a novel mammalian PcG gene, termed Nervous System Polycomb-1 (NSPc1). Human and mouse NSPc1 genes encode proteins with an N-terminal RING ®nger domain and share homology with Drosophila melanogaster lethal(3)73Ah and the mammalian Mel18 and Bmi1 genes. Transcripts are observed at 10 dpc in the otic vesicle, urogenital bud and dorsal root ganglia. At 11.5 dpc, transcripts are present in a subset of neural crest cell derivatives of the peripheral nervous system, and in the neural tube. NSPc1 expression is ubiquitous in adult tissue. q
Results and discussion
Sequencing of transcripts from cDNA selection experiments identi®ed a novel cDNA containing a RING ®nger motif, corresponding to several human ESTs (Acc. no. AA167085, H38599, AA037278 and AA009919). On the basis of this sequence, primers NSp1 and NSp7 were used to amplify and sequence the corresponding cDNA from human testis and heart tissues. The same primers ampli®ed an 890 bp fragment from mouse lymphocyte cDNA (Fig. 1) . Sequence analysis indicated that these sequences represent novel mammalian homologues of the Drosophila melanogaster lethal(3)73Ah gene.
In the human, NSPc1 mRNA was detected in all adult tissues tested by Northern blotting. Two transcripts were observed: a major one of 1.4 kb and a minor one of 1.0 kb which lacks the RING ®nger domain (Fig. 2) . In the mouse, Northern analysis revealed a single band of 1.3 kb, intense in heart, brain and testis and weaker in spleen, lung, liver, kidney and skeletal muscle (data not shown).
Expression of Nspc1 was analyzed during mouse development. Transcripts were detected by RT-PCR analysis on 6.5 dpc whole embryos, at a stage which corresponds to murine gastrulation (data not shown). Whole embryo analysis revealed that Npsc1 is ®rst expressed at 10.5 dpc in the otic vesicle, the dorsal root ganglia at the level of the anterior limb bud, and in the genital tubercule. At 11.5 dpc transcripts were also observed in dorsal root ganglia, dorsal epithelium of the neural tube, heart and in the branchial arches (Fig. 3) . By 13.5 dpc mRNA expression was widespread.
Section studies indicated that Nspc1 is highly expressed in the developing nervous system, in particular in a subset of neural crest cell derivatives which give rise to the peripheral nervous system (Figs. 4 and 5) .
The human transcript was localized to chromosome 2p13 and the mouse homologue to chromosome 6 within the lethal neuromuscular wasting disorder (mnd2) locus. A 400 kb contig containing the human NSPc1 gene was de®ned (Fig.  6) . NSPc1 is located 6 kb upstream to HOX11L1 in the opposite orientation, suggesting that the two genes share transcriptional regulatory sequences. PCR analysis indicated Schematic representation of the Drosophila melanogaster lethal(3)73Ah gene in comparison to human and mouse NSPc1 genes. PCR ampli®cation of human and mouse genomic DNA using primers NSp1 and NSp7 gave bands of 2.7 and 2.5 kb, respectively. Sequencing of products demonstrates that the gene contains nine exons and eight introns. The entire ORF is distributed over exons 1±9 (C). The gene structure is identical between mouse and man. In contrast, the genomic organization in Drosophila comprises four exons. Exon 1 corresponds to exons 1 and 2 in man, exon 2 is conserved as exon 3 in human and encodes part of the RING ®nger domain, exon 3 corresponds to exons 4±7 and exon 4 corresponds to exons 8 and 9 in man. The N-terminal RING ®nger motif is indicated by blue boxes. (D) Sequence alignment of the related RING ®nger containing Polycomb proteins. Predicted protein sequences reveal 66% similarity (42% identity) between NSPc1 and lethal(3)73Ah, and 63% similarity (39% identity) and 62% similarity (39% identity) with Bmi1 and Mel18, respectively.
The RING ®nger domain itself shows 69 and 71% sequence identity with the RING ®nger domains of Bmi1 and Mel18, respectively, whereas the 3 H¯a nking region exhibits 30% amino acid identity. Red letters indicate 100% amino acid conservation between human NSPc1 and the other proteins, and blue letters indicate amino acid conservation between other members of the family, excluding human NSPc1. (E) Comparative zoo blot analysis indicated the presence of related sequences in other species tested with the exception of chicken, even at low washing stringency. that murine Hox11L1 is not located at this position (data not shown), which is consistent with recent mapping data (Puliti et al., 1999) . Interestingly, Hox11L1 and Nspc1 are coexpressed in the mouse suggesting that regulation of gene expression is conserved (Hatano et al., 1997) .
The mutation mnd2 is characterized by early onset motor neuron disease with paralysis (Jones et al., 1993) . Nspc1 is expressed in the whole neural tube, including the spinal motor neuron cells that degenerate in mnd2 mutants. The genes D6Mm5e, Dok, Aup1, Rtkn, D6Mm3e, Dctn1 and Actg have been excluded as mnd2 candidates (Weber et al., 1998) . The Hox11l1 gene is excluded based on its localization. Two candidates are Nspc1 and Sema W, a member of the family of membrane bound and secreted proteins, some of which function in axon guidance (Encinas et al., 1999) . In man NSPc1 maps within a 10.3 cM region associated with susceptibility to Parkinson's disease (PARK3) (Gasser et al., 1998) . PARK3 has been proposed as a human orthologue of mnd2 (Weber et al., 1998) , supporting a link between Nspc1 expression and these disorders.
Methods
DNA sequencing, Southern blotting and Northern blotting were performed as previously described (Nunes et al., 1994) . cDNA selection experiments were performed on pooled BAC DNAs (Korn et al., 1992) . The mouse BAC 9L23 was obtained by screening with the F7D5 and F7R7 primers by standard ampli®cation conditions. Primer sequences were as follows: NSp1, 5
H -CTCAGGGGGGC- Fig. 2 . Northern blot analysis of NSPc1 in adult human tissues. B2-mgb, b2 microbulin probe, used as a control. Fig. 3 . Nspc1 expression at 10.5 dpc (A) and 11.5 dpc (D) in whole mouse embryos detected by hybridization in situ. At 10.5 dpc expression was observed in the otic vesicle (A), in the genital tubercule (B) and in the dorsal root ganglia (C). At 11.5 dpc expression was dramatically increased throughout the embryo; in particular, strong staining was observed in the branchial arches and the heart (D) as well as in the genital tubercule (E) and dorsal root ganglia (F). . Schematic representation of a 400 kb region containing the human NSPc1 gene. Sequences from human BACs NH0523H20 (Accession no. AC005041) and 91a19 (Accession no. AC006544) were used to create a transcript map. This region of 2p13 is located in the proximal part of the PARK3 locus and de®nes a conserved synteny between human chromosome 2p13 and murine chromosome 6 (34.5 cM) with the following gene order: centromere ± SEMA W ± D6Mn5e ± DOK ± LOR2 ± Serine Protease Omi ± AUP1 ± RNA Helicase ± HOX11L1 ± NSPc1 ± GCS1 ± RTKN ± DCTN1 ± telomere. This region contains a locus responsible for the mnd2 phenotype.
